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Synthesis of a terbenzimidazole topoisomerase I poison via
iterative borinate ester couplings
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Abstract—A concise, efficient synthesis is described for a terbenzimidazole that acts as a potent topoisomerase I poison. The
strategy involves iterative palladium-catalyzed borinate ester cross-couplings and should be applicable to the synthesis of analogs
containing heterocycles other than benzimidazole.
© 2003 Elsevier Ltd. All rights reserved.

DNA minor groove-binding ligands Hoechst 33258 (1)
and related terbenzimidazoles such as 2 (Fig. 1) have
been shown to be potent poisons of human topoiso-
merase I (Topo I).1,2 These also possess high levels of
activity against human tumor cell lines in culture, and
thus represent promising lead compounds for the devel-
opment of new anticancer agents. Our interest is in
constructing libraries of analogs of 2 containing 5,6-
fused aromatic heterocycles other than benzimidazole,
with the objective of identifying more effective Topo I
inhibitors. Increased activity could result from altered
DNA sequence selectivity; while compounds such as 1
and 2 bind selectively at runs of AT base pairs, this
preference can be altered by changing the hydrogen
bonding capabilities of individual heterocycles.3–5

Increased activity could also result from more favorable
ligand–protein interactions within a Topo I-DNA-lig-
and complex.

Syntheses of compounds such as 1 and 2 have typically
involved construction of the imidazole portion of benz-
imidazole units by condensation of aryl ortho-diamines
with carboxylic acid derivatives.6 This approach is
problematic with regard to libraries containing a vari-
ety of heterocycles in that an inordinately large number
of synthetic precursors would be required. As illus-
trated in Scheme 1, 1,2,4-trisubstituted benzene deriva-
tives (represented by 3) would serve as precursors.
While the functional group Z in 3 would be determined
by the desired identity of the first heterocycle in 4,

Figure 1. Hoechst 33258 and a phenylterbenzimidazole.

Scheme 1. Generalized synthetic scheme for preparation of analogs of 2 in which formation of the five-membered ring constitutes
the homologation step.
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Scheme 2. Generalized synthetic scheme for preparation of analogs of 2 in which palladium-catalyzed addition of an in-tact
heterocycle constitutes the homologation step.

and 7 was then reacted with bis(pinacolato)diboron in
the presence of PdCl2(dppf) to afford 8.13

Coupling of 6 with phenylboronic acid14 followed by
deprotonation with LDA and quenching with
diiodoethane15 provided 9 (Scheme 4). Addition of the
second benzimidazole unit was accomplished by reac-
tion of 9 with 8 in the presence of Pd(PPh3)4;16 subse-
quent iodination gave 10. Coupling of 10 with 8 and
deprotection17 then yielded target compound 2.

In conclusion, a concise iterative approach for the
synthesis of oligomeric heterocycles has been demon-
strated. Efforts are currently underway to apply this
methodology in the preparation of analogs of 2 con-
taining other heterocycles such as benzoxazole and
indole.
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functional groups X� and Y� would be determined by
the desired identity of the second heterocycle in 4. As a
result, a library of 27 of analogs of 2 containing three
different heterocycles could require as many as nine
precursors (and potentially more depending on the
necessary protecting group scheme).7

We now report an alternate approach which involves
building the oligomer by sequential addition of in-tact
heterocycles in palladium-catalyzed cross-coupling reac-
tions (Scheme 2). This methodology requires only one
precursor (a metalated heterocycle) per heterocycle in
the final library, and takes advantage of the fact that
iodine can be regiospecifically introduced at the desired
position prior to each subsequent coupling.8,9

To validate this strategy, we now report the synthesis of
2 by iterative palladium-catalyzed borinate ester cou-
plings. Our synthetic approach required key intermedi-
ate 8 (Scheme 3). 5, prepared from 2-nitroaniline10,11,
was condensed with triethyl orthoformate12 and benzyl
protected to provide a mixture of 6 and 7 in a 55:45
ratio. These were separated by flash chromatography

Scheme 4. Reagents and conditions : (a) PhB(OH)2, Pd(PPh3)4, aq. 2 M Na2CO3/toluene (1:10), 75°C, 91%; (b) LDA, THF, −78°C;
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